Abstract. The HtrA family of serine proteases takes part in cellular stress response including heat shock, inflammation and cancer. Downregulation of human HtrA1 and HtrA3 genes has been reported in some cancers, including endometrial cancer (EC), suggesting a tumor-suppressor role for both genes. The mechanism of the HtrA function is not known, however, evidence exists showing that both HtrA1 and HtrA3 regulate biological processes by modulating TGF-ß signaling. In the presented study the expression of human HtrA1, HtrA2, HtrA3 and TGF-ß1 genes was examined in 124 endometrial tissue specimens including 88 cancers and 36 normal endometria. The expression of the tested genes was evaluated at mRNA and protein levels by semi-quantitative RT-PCR and Western blotting methods, respectively. Our results showed significant decrease of HtrA1 and HtrA3 mRNA and protein levels in EC compared to normal tissues. The most dramatic decrease was found for HtrA3 at both mRNA and protein levels (3.2-and 5.6-fold, respectively). Moreover, the HtrA3 protein (short isoform) was not detected in 19% of the cancers, and its level decreased from the premenopausal to the postmenopausal group. The HtrA2 protein levels were significantly lower in EC tissues compared to normal tissues. We also found a significant increase of the TGF-ß1 protein level in EC as well as a significant negative correlation between HtrA1/2/3 and TGF-ß1 relative protein levels. Our results showing downregulation of HtrA1 and HtrA3 gene expression support previous studies suggesting a tumor suppressor role for these genes. Furthermore, our data suggest that HtrA2 may be involved in EC development as well as suggest the involvement of HtrA1, HtrA2 and HtrA3 in the inhibition of TGF-ß signaling in endometrial tissues.
Introduction
Endometrial carcinoma is the eighth most common cancer in women worldwide, typically affecting women after menopause. The most common form of endometrial tumors diagnosed (approximately 80%) is endometrioid carcinoma, associated with endometrial hyperplasia. These tumors frequently have mutations in the ras proto-oncogene and in the PTEN tumor suppressor gene, and often show microsatellite instability. Other histological tumor types show mutations in the p53 tumor suppressor gene, but not in the PTEN gene (reviewed in ref. 1) . Despite many years of research, the molecular basis of endometrial cancer is not fully understood and no clinically applicable test has yet been defined that could be used for its screening. No tumor assay has been recognized that would be useful for diagnosis or evaluating the response to therapy. Hence further biochemical and genetic research aimed at revealing the biology and to define the prognosis of the endometrial cancer is necessary.
The HtrA protein family comprises serine proteases taking part in cell protection against stress conditions. HtrA was initially identified as a heat-induced gene from Escherichia coli indispensable for bacteria survival at elevated temperatures (2) . Further studies showed that HtrA acts as a serine protease degrading misfolded proteins in the periplasm at high temperatures and as a molecular chaperone at low temperatures (3) . Members of the HtrA family were identified in most organisms, including four human homologues: HtrA1-HtrA4. Several reports describe their implication in heat and oxidative stress response, arthritis, kidney ischemia/reperfusion, apoptosis, cancer progression and invasion (reviewed in ref. 4) . The common feature of the HtrA family of proteins is a highly conserved trypsin-like serine protease domain, most of them also contain a C-terminal PDZ domain(s). The PDZ domains are the structures usually involved in proteinprotein interactions, in the case of the HtrA proteases they participate in the substrate binding (reviewed in ref. 4) .
Human HtrA1 (PRSS11, L56) was initially identified as a downregulated gene in SV40-transformed fibroblasts (5) and upregulated in osteoarthritic cartilage (6) . The expression of HtrA1 was decreased in ovarian (7, 8) and endometrial cancers (9) , and in melanomas (10) . It was shown that HtrA1 overexpression in melanoma cells inhibited proliferation and chemoinvasion while downregulation promoted cell proli-feration (10) . Moreover, downregulation of HtrA1 in the ovarian cancer cell line promoted anchorage-independent growth, while exogenous expression induced cell death (8) . The above facts suggested a tumor suppressor role for HtrA1. Furthermore, evidence exists showing involvement of HtrA1 in modulation of the chemotherapy-induced cytotoxicity (11) .
The HtrA1 protein shows a high homology to HtrA3 with both proteins containing an N-terminal signal sequence, an IGFBP (insulin-like growth factor binding protein) domain, a Kazal-type S trypsin inhibitor motif, protease domain and C-terminal PDZ domains (reviewed in ref. 4) . The role of HtrA3 is not well-characterized however the above-mentioned facts suggest similar functions for both proteins. It has been suggested that HtrA3 may be involved in human and primate placentation (12, 13) . So far, two variants of human HtrA3 mRNA (long and short), produced through alternative splicing, have been identified (14) . Both RNA isoforms encode serine proteases (50 and 40 kDa) which are identical in their Nterminal parts, however the short form lacks the PDZ domain in the C-terminal region. Since it is believed that the PDZ domains are engaged in substrate binding, it is possible that the short and long forms of HtrA3 may recognize different substrates and thus have different functions (14) .
It has been shown that HtrA1 and HtrA3 regulate biological processes by modulating the TGF-ß (transforming growth factor ß) system. Both HtrA proteins inhibited TGF-ß signaling with protease activity being required for the signal inhibition (15, 16) . TGF-ß proteins are potent growth inhibitors with tumor-suppressing activity. During the first stages of tumorigenesis TGF-ß proteins may act as tumor suppressors, Table I . HtrA1, HtrA2 and HtrA3 expression and the characteristics of endometrial cancers. . of cases  mRNA  Protein  mRNA  Protein  mRNA  Protein  -----------------------------------------------------------------------------------------------------Total  124  Normal 
The median mRNA and protein relative values in different types of tissues are presented. Relative mRNA levels were calculated in the RT-PCR assay as a ratio of intensity of the HtrA band to the ß-actin band amplified in the same reaction mixture. Relative protein levels were estimated by Western blotting as a ratio of the HtrA protein band intensity in the tested sample to the HtrA intensity in the reference normal sample resolved on the same gel. P-values presenting a significant trend over the tested tissue group were found by the KruskalWallis test.
a The histological grade was determined only for the endometrioid type of cancer. The FIGO stage and menopausal status were determined for all histological types of cancer.
-
however, at the advanced stages, they may act as stimulators of tumor progression, invasion and metastasis (17) .
Human HtrA2 (Omi) was originally described as a protein involved in the cellular stress response (18) and ischemia/ reperfusion injury (19) . HtrA2 is a unique HtrA family member localized in the intermembrane mitochondrial space. Upon apoptotic stimuli, HtrA2 is released into the cytosol where it induces apoptosis, mainly by suppressing the activity of the inhibitor of apoptosis proteins (IAPs) (20) (21) (22) (23) . It has also been reported that the mutation of mouse HtrA2 causes a neurodegenerative disease due to progressive mitochondrial damage; it has been suggested that the primary function of HtrA2 is to deal with misfolded mitochondrial proteins (24) . So far, no evidence exists showing HtrA2 involvement in oncogenesis, however, such involvement seems possible since HtrA2 is involved in apoptosis, a process which is impaired in oncogenesis. The function of HtrA4 is unknown.
In the presented study, the expression of human HtrA1, HtrA2, HtrA3 and TGF-ß1 genes in endometrial cancers (n=88) and normal endometrium (n=36) was evaluated by semi-quantitative RT-PCR and Western blotting methods. The HtrA4 expression was not monitored because the anti-HtrA4 specific antibodies are not available yet. The correlations between the examined gene expression, tissue type and clinicopathological characteristics of tumors were analyzed.
Materials and methods
Patients and tissue samples. Tissue samples were obtained from 88 endometrial cancers and 36 normal endometria after surgery at the Medical University of Gdansk. The normal endometrial tissues were from peri-and postmenopausal patients operated due to benign disorders of the genital tract (uterine myomas or ovarian cysts). The samples were frozen in liquid nitrogen and stored at -80˚C. The collecting of tissues was supervised by a pathologist. One part of every tissue sample was frozen in liquid nitrogen and used for the mRNA and protein assays; the second part was fixed in formalin and subsequently was histopathologically diagnosed. The surgical stage was established according to the International Federation of Gynecology and Obstetrics (FIGO) staging system. Histological classification and grading was defined according to the WHO system. The tumor characteristics are presented in Table I . The patients were considered as premenopausal if their menstrual cycles were regular and perimenopausal or postmenopusal if the menstruations had ceased 1-2 years or at least 3 years before surgery, respectively.
RNA isolation. Total RNAs were extracted from endometrial tissues (20-50 mg) by a modified Chomczynski procedure using a 'Total RNA' purification kit (A&A Biotechnology, Poland) as described previously (25) . The total RNA was quantified by a spectrophotometrical measurement at 260 nm. All RNA samples were DNase I-treated as described in (25) .
Semi-quantitative RT-PCR.
DNase I-treated RNA samples were reverse-transcribed to cDNA as described previously (25) . PCR amplification conditions were determined to obtain a similar amplification efficiency for both fragments and to receive an exponential phase of the amplification. The oligonucleotide primers which amplified the fragments of the tested genes and of the housekeeping gene ß-actin are presented in Table II The PCR products were resolved on 1.5% agarose gels in TEA buffer and visualized by ethidium bromide staining. The resulting bands were quantified by densitometric analysis ONCOLOGY REPORTS 21: 1529 -1537 , 2009 Table II. Primers used in the RT-PCR experiments.
and the relative mRNA levels were estimated after normalization with ß-actin mRNA.
Western blot analysis. Protein extracts were prepared from frozen tissue samples and the total protein concentration was determined by the Bradford method as described previously (25) . Tissue lysates containing equal amounts of total protein were separated by SDS-PAGE. The separated proteins were electroblotted to Immobilon P (Millipore, Poland) and then probed with primary and secondary antibodies. To detect proteins of interest an enhanced chemiluminescence system was used according to the supplier's protocol (Lumi-Light Western Blotting substrate; Roche, Poland). The tested tumor and normal tissue samples were resolved on the same gel together with a reference sample and prestained molecular weight markers (Fermentas, Lithuania). The same normal tissue sample was used as the reference in all assays for the given HtrA protein. The chosen reference sample was the The box plots indicate relative levels of the HtrA gene expression in endometrial cancers and normal endometrium. Relative mRNA levels are presented as a ratio of the HtrA mRNA to mRNA of the housekeeping gene ß-actin. HtrA protein levels were estimated in human tissue lysates containing equal amounts of protein by the Western blotting method. Relative protein levels were calculated as a ratio of the HtrA protein band intensity in the tested sample to the HtrA intensity in the reference normal sample resolved on the same gel. The statistical significance of differences between tissue groups were determined by the Kruskal-Wallis test. *** p≤0.001.
one which showed the HtrA protein level close to average (the average for the normal tissues). Each assay was repeated three times and the differences between assays did not exceed 10%.
The polyclonal anti-HtrA1 and anti-HtrA2 antibodies were raised in rabbits as described previously (25) . The polyclonal anti-HtrA3 antibodies were purchased from Abgent, USA. The monoclonal anti-TGF-ß1 antibodies were from Abcam, UK. As secondary antibodies, anti-rabbit or antimouse HRP-conjugated immunoglobulins were used (Sigma, Poland).
Densitometric and statistical analysis. To quantify the levels of the PCR and Western blotting products, densitometric analysis was done using 1Dscan EX 3.0 program (Scanalytics, Inc). Statistical analysis was performed using SPSS 12.0 for Windows. The association between the examined gene expression, tissue types and clinicopathological characteristics of patients was evaluated by the nonparametric KruskalWallis test. The correlations were evaluated using the Spearman correlation coefficient. Results were considered significant at p<0.05.
Results

HtrA1, HtrA2 and HtrA3 mRNA levels in endometrial cancers.
The total RNAs from the cancer and normal endometrial tissues were extracted, reverse-transcribed and the HtrA cDNA was amplified in multiplex semi-quantitative RT-PCR, with a 261 bp fragment of ß-actin as a reference. Relative mRNA levels were calculated as a ratio between the yield of each amplified product and the co-amplified reference gene.
RT-PCR products corresponding to the HtrA1, HtrA2 and HtrA3 genes were detected in all the samples tested. In the case of the HtrA3 gene, the mRNA region common to both long and short isoforms of HtrA3 was amplified. This region encodes the N-terminal parts of both HtrA3 isoforms, which are identical.
A significant decrease of HtrA1 and HtrA3 mRNA levels was observed in endometrial cancers compared to the normal group (p=0.000 in both cases). For HtrA1 a 1.8-fold and for HtrA3 a 3.2-fold decrease was observed (Table I ; Fig. 1A , and C). Moreover, we have found a significant correlation between HtrA1 and HtrA3 mRNAs (r=0.541; p=0.000). HtrA1 and HtrA3 mRNA levels were lower in stage III and IV tumors compared to stage I and II (Table I) . Our results also showed a gradual decrease of HtrA3 mRNA with the increase of the tumor grades (measured for the endometrioid type of cancer only), however, this result was not significant statistically. We did not find any significant differences in the HtrA1/2/3 mRNA levels in different histological types of cancer (Table I) .
For HtrA2, we found a slight decrease of mRNA level in the endometrial cancers compared to normal endometrium, however these results were not statistically significant (Table I ; Fig. 1B ). Our results also showed a significant correlation between HtrA2 and HtrA1 mRNAs (r=0.239; p=0.008), and between HtrA2 and HtrA3 mRNAs (r=0.265; p=0.003). The representative RT-PCR results for HtrA1, HtrA2 and HtrA3 are shown in Fig. 2 .
Analysis carried out with endometrial cancers showed no statistically significant correlation between the tested HtrA mRNA levels and the clinical stage, histological type and grade of the tumor or menopausal status of the patients (Table I) .
HtrA1, HtrA2 and HtrA3 protein levels in endometrial cancers.
Endometrial tissues lysates containing equal amounts of total protein were separated by SDS-PAGE and then probed with appropriate primary and secondary antibodies. The relative levels of the tested proteins are presented as a ratio of the tested protein band intensity and the intensity of the corresponding protein in the reference sample resolved on the same gel as described in Materials and methods.
Immunoblotting with the anti-HtrA1 and anti-HtrA2 antibodies revealed bands of about 50 and 40 kDa respectively, representing mature forms of the HtrA proteins (Fig. 3A,  and B) . Immunoblotting with anti-HtrA3 antibodies showed two bands of about 40 and 50 kDa, corresponding to the short and the long isoform of the protein (Fig. 3C) . In the present study band intensity of the predominant short isoform was used in calculations, as the long isoform levels were usually too low to be quantified by densitometric analysis.
As presented in Table I and Fig. 1D , E and F, our results showed a statistically significant decrease of HtrA1, HtrA2 and HtrA3 (short form) proteins in endometrial cancers compared to normal tissues (p≤0.001 in all cases). The most dramatic decrease was found in the HtrA3 protein (5.6-fold). Moreover, the HtrA3 protein (short isoform) was not detected in 19% of the cancers, while it was detected in all normal tissues. HtrA1 and HtrA2 proteins were detected in all normal and cancer samples. Our results also showed a significant correlation between the HtrA1 and HtrA3 proteins (r=0.595; p=0.000).
HtrA1 and HtrA3 protein levels were significantly decreased in all cancer groups representing different clinical stages, histological types and grades compared to the normal group (Table I) . We did not find significant differences between groups representing different grade, stage and histological type of cancer. However, we observed a gradual decrease of the short form of the HtrA3 protein level from the premenopausal to the postmenopausal group (p=0.05) ( Table I) . For the postmenopausal group, the level of HtrA3 (short form) was 2.8-fold lower compared to the premenopausal group (p=0.017).
TGF-ß1 expression and correlation with HtrA proteins.
TGF-ß1 expression was evaluated in all endometrial tissues Relative mRNA levels are presented as a ratio of the TGF-ß1 mRNA to mRNA of the housekeeping gene ß-actin (A). TGF-ß1 protein levels were estimated in human tissue lysates containing equal amounts of protein by the Western blotting method. Relative protein levels were calculated as a ratio of the TGF-ß1 protein band intensity in the tested sample to the TGF-ß1 intensity in the reference normal sample resolved on the same gel (B). ** p≤0.01.
used in this study by semi-quantitative RT-PCR and Western blotting methods. As shown in Table III and Figs. 4 and 5, we found a significant increase of the TGF-ß1 protein (2.8-fold) and a decrease of TGF-ß1 mRNA (1.6-fold) levels in endometrial cancers compared to normal endometrium. Moreover, the TGF-ß1 protein level increased gradually with increasing tumor grades (not statistically significant). Analysis of TGF-ß1 and HtrA protein levels showed a statistically significant negative correlation between the level of TGF-ß1 and the HtrA1, HtrA2 and HtrA3 levels (p=0.000; p=0.000 and p=0.006, respectively).
Discussion
In the present study the expression of human HtrA1, HtrA2, HtrA3 and TGF-ß1 genes was estimated in endometrial tissues, including endometrial cancers (n=88) and normal endometrium (n=36). The relative mRNA and protein levels, determined by semiquantitative RT-PCR and Western blotting methods, were correlated with the clinicopathological characteristics of the tumors. Moreover, correlations between the TGF-ß1 expression and expression of the HtrA1/2/3 genes were evaluated.
Our results showed a statistically significant decrease of HtrA1 and HtrA3 mRNAs and of HtrA1/2/3 protein levels in endometrial cancers compared to normal endometrium. Several previous reports showed downregulation of the HtrA1 and HtrA3 genes in cancers, suggesting a tumor suppressor role for these genes. The first report showed down-regulation of HtrA1 mRNA and protein in SV-40 transformed human fibroblasts (5) . Other studies showed downregulation of HtrA1 expression in melanoma (10) and in cancer cell lines including brain, breast, liver and cervical cancers (8) . Expression of HtrA3 was downregulated in lung cancer cell lines (Thompson D, et al, AACR Meeting: abs. B20, 2006). Recently, a work by Bowden et al (9) was published, in which the authors presented HtrA1 and HtrA3 downregulation in endometrial cancers. Moreover, it was shown that both HtrA1 and HtrA3 protein levels decreased with increasing grades of the cancer (9) . In this study, we have shown the decrease of expression of HtrA1 and HtrA3 in a representative group of patients (n=124). However, we were not able to find significant differences in the HtrA genes expression between cancers representing different grades. Though the HtrA3 mRNA level decreased gradually with the increase of tumor grade, the decrease was not statistically significant. Previous work showed that the HtrA3 protein level was significantly lower in grades G2 and G3 compared to grade G1 (9). We did not observe a similar phenomenon, however, in our studies the level of a highly dominant short isoform of HtrA3 was analyzed while in the previous work the common form of the protein was evaluated. Furthermore, previously the immunohistochemical method was used, while we applied the Western blotting technique. Thus, a different methodology could be the reason for the discrepancies, however, it should be noted that testing a large group of cancers we did not find significant differences in the HtrA3 mRNA levels for various tumor grades. We believe that our study, comprising 36 normal and 88 cancer tissues, contributes significantly towards understanding the HtrA regulation in endometrial cancer. However, further work is clearly required to fully solve the regulation patterns. Table III . TGF-ß1 expression in endometrial cancer and normal endometrium. --------------------------------------------- 
-------------------------------------------------
Median mRNA and protein relative values in different types of tissues are presented. P-values presenting a significant trend over the tested tissue group were found by the Kruskal-Wallis test. a Histological grade was determined only for the endometrioid type of cancer. An interesting finding is the significant correlation between the HtrA3 protein level in tumors and the menopausal status of patients. The HtrA3 protein level (short form) decreased gradually from the premenopausal to the postmenopausal group; in postmenopausal group, the HtrA3 level was 2.8-fold lower compared to premenopausal group (p=0.017). Since endometrial cancer is typical for postmenopausal women, it is tempting to speculate that the decrease in the short form of HtrA3 in this group may render them more prone to oncogenesis. Downregulation of the expression of both HtrA1 and HtrA3 genes in endometrial cancers, as well as the significant correlation between both mRNAs and proteins (p=0.000 in both cases) suggest that these proteins may have similar functions. Moreover, HtrA1 and HtrA3 present similar domain organization with the N-terminal signal peptide, an insulin growth factor binding domain (IGFBP), the trypsin-like serine protease domain, the Kazal-type S protease inhibitor domain and PDZ domains (reviewed in ref. 4) .
However, there are some indications that the HtrA1 and HtrA3 roles may be different. Though a correlation between the expression of these genes was found, the downregulation of HtrA3 was much more dramatic. Furthermore, the short form of the HtrA3 protein was not detected in 19% of the cancers, while the HtrA1 protein was detected in all samples. Moreover, the HtrA3 but not HtrA1 protein level decreased gradually from the pre-to the postmenopausal patient group. The different expression patterns of both genes are in agreement with previous findings suggesting their different or complementary roles. Nie et al showed very different HtrA mRNA expression patterns in various human tissues, suggesting tissue-specific functions (14) . Further studies are necessary to explain the possible differences in HtrA1 and HtrA3 roles.
In Western blotting experiments with the anti-HtrA3 antibody, we detected two bands of about 50 and 40 kDa (Fig. 3) corresponding to the long and short isoforms of HtrA3; similar results were obtained previously for endometrial (9) and ovarian tissues (25) . So far, two isoforms of HtrA3 produced through alternative splicing have been identified. It was shown that both isoforms of HtrA3 transcripts were present in a range of human tissues with long (heart, skeletal muscle) or short form (placenta, kidney) being predominant in some of them. Moreover, only long (lung, small intestine) or short (brain) isoform was detected in some tissues (14) . The short HtrA3 isoform was highly predominant (Fig. 3C ) and thus this isoform was used in our analyses. It is tempting to speculate that since the short isoform of HtrA3 is predominant in endometrial tissues, it may play a dominant role in endometrial tumorigenesis. Both isoforms of HtrA3 are serine proteases, however, lack of the PDZ domain in the short isoform suggests that they may recognize different substrates and thus play different functions (14) . Explanation of the precise functions of both isoforms requires further studies.
The mechanism of downregulation of the HtrA genes in endometrial cancer is not known. Chien et al showed that the HtrA1 locus is subject to a loss of heterozygosity at the HtrA1 locus (10q26) and its epigenetic inactivation by hypermetylation in ovarian tumors (8) . The mechanism of HtrA3 downregulation in cancer remains to be solved.
The level of HtrA2 protein in endometrial cancers was significantly lower compared to normal tissues (p=0.001). The HtrA2 mRNA levels were also lower, however, the difference was not statistically significant. Such discrepancy could result from differences in post-transcriptional and/or postranslational regulation of the HtrA2 gene in normal and cancer tissues. HtrA2 is a unique HtrA family member localized to mitochondrial intermembrane space. Upon apoptotic stimuli the protein is released to cytosol where it binds IAPs and promotes apoptosis (20) (21) (22) (23) . The possible role of HtrA2 in oncogenesis remains unexplained, however its decreased level in endometrial cancers suggests that HtrA2 may be involved in the development of malignancy. To our knowledge, the decrease of HtrA2 protein in endometrial cancer has not been reported before. Low levels of HtrA2 can lead to a reduction of the apoptosis-promoting activity and thus to increased cell proliferation which contributes to cancer development and progression. There are many investigations aimed at the discovery of new IAP inhibitors which could be useful for cancer treatment. HtrA2 is one of the potential targets for induction of apoptosis in cancer cells. It has been shown that HtrA2 is a mediator of cisplatin-induced cell death in renal cells. Cisplatin treatment of renal cells led to the upregulation and release of HtrA2 from mitochondria to cytoplasm as well as XIAP degradation, while downregulation of HtrA2 rendered cells resistant to cisplatininduced apoptosis (26) .
Our results showing downregulation of the HtrA1 and HtrA3 genes support previous reports suggesting that both genes may act as tumor suppressors, however, the molecular mechanisms of the HtrA1 and HtrA3 function are not understood as yet. It was shown that both proteins are involved in the regulation of growth factor systems; both proteins can bind to TGF-ß family members and inhibit TGF-ß signaling. The mechanism of TGF-ß signaling inhibition by HtrAs' is not clear, however it was suggested that HtrAs may degrade the TGF-ß receptors or different extracellular proteins involved in regulation of TGF-ß signaling (15, 16) . The transforming growth factor ß1 (TGF-ß1) is a potent growth inhibitor with tumor-suppressing activity. During the first stages of tumorigenesis TGF-ß1 acts as a tumor suppressor, however, at the advanced stages it stimulates tumor progression, invasion and metastasis. Several reports showed overexpression of TGF-ß1 in human cancers and loss of response to TGF-ß1 as a growth inhibitor (17) . Our results showed a statistically significant increase of protein level (2.8-fold) and a small (but significant) decrease of mRNA level (1.6-fold) in endometrial cancers compared to normal endometrial tissues. Moreover, the TGF-ß1 protein level increased gradually with increasing tumor grades. These results suggest that an elevated TGF-ß1 protein level may contribute to the development of endometrial cancer. It remains to be solved why in spite of the decrease in mRNA there is an increase in the TGF-ß1 protein. A possible explanation could be that a post-transcriptional or post-translational regulation is involved. It is an attractive hypothesis that the decrease of the HtrA protease levels in cancer tissues could be responsible for the observed increase of TGF-ß1 protein. Indeed, correlation analysis between the levels of the HtrA1/2/3 and TGF-ß1 proteins showed a significant negative correlation between TGF-ß1 and all HtrA proteins, which suggests involvement of HtrA proteins in TGF-ß1 protein regulation. Such correlations have not been found in ovarian cancer (25) , indicating that TGF-ß1 regulation by HtrA may be tissue-specific. It is possible that extracytoplasmic HtrA1 and 3 proteases interact directly or indirectly with TGF-ß1, however involvement of intracellular HtrA2 in TGF-ß1 regulation is difficult to explain at the present stage.
In conclusion, our analysis of the HtrA1/2/3 and TGF-ß1 genes expression in a large group of cancer (n=88) and normal (n=36) endometrial tissues confirms the downregulation of HtrA1 and HtrA3, as well as adding new data on the correlation between HtrA1/3 expression and tumor grades. It also shows that the HtrA3 protein level decreases from the premenopausal to the postmenopausal group, while for the first time showing a decrease of HtrA2 protein level in EC, and suggesting the involvement of HtrA proteins in TGF-ß signaling in EC development.
